ney function. Results: Coronary heart disease was reported by 3,803 (14.1%) of subjects, and 11.3% of subjects had CKD by eGFR. Among all individuals with a GFR ! 60 ml/min/ 1.73 m 2 , 9.6% reported having been told by a physician that they had kidney disease. Among those with CHD and CKD, 5.0% were aware of their CKD compared to 2.0% in those without CHD [OR (95% CI) = 2.57 (2.08, 3.28)]. This difference persisted after controlling for the level of kidney function [aOR (95% CI) = 1.87 (1.43, 2.41)]. Conclusion: There was a high prevalence of CKD and a low prevalence of awareness of kidney disease among older adults in the US population with or without coronary heart disease. These findings support recent recommendations that patients with cardiovascular disease be systematically screened for and educated about CKD.
60 ml/min/1.73 m 2 in patients with prevalent cardiovascular disease, at 63.9 ml/min/1.73 m 2 in populations at high risk for cardiovascular disease and at 72.2 ml/ min/1.73 m 2 in the general population [3] . A history of coronary heart disease, in turn, is associated with an increased prevalence of impaired kidney function [4] and increased risk of both incident kidney disease and progression to end-stage renal disease [5] .
Recognition of kidney disease by physicians treating CHD is important. The presence of kidney disease should lead to lifestyle modifications and treatments targeted at risk factors for progressive kidney disease as well as CHD risk factors [5, 6] . Further, kidney disease should alert clinicians to reduce exposure to nephrotoxins like radiographic dye and nonsteroidal anti-inflammatory agents and to review medications for possible renal dosing modifications. Finally, the presence of kidney disease as a marker for increased risk of cardiovascular and all-cause mortality, and prolonged hospitalization, should be incorporated into clinical decision making.
While it might be expected that patients with chronic kidney disease (CKD) should be aware of and relied upon to report their kidney disease, this is often not the case [7] . Clinicians who continue to use serum creatinine to measure kidney function may misdiagnose CKD, particularly in elderly patients [8] . Current clinical practice recommendations for the detection of kidney disease recommend that screening for CKD should be based on serum creatinine-based equations to estimate the glomerular filtration rate (eGFR) and testing should be routinely included in the evaluation of individuals at-risk for or with CHD [6] . We illustrate the importance of these CKD screening recommendations by reporting a striking discrepancy between the prevalence and the awareness of CKD among individuals in the general population who have either coronary heart disease or are at high risk for CHD.
Methods

Study Design and Participants
Renal REGARDS is an ancillary study of the ongoing REasons for Geographic And Racial Differences in Stroke cohort study [9, 10] . The REGARDS cohort is a national random probability sample of individuals aged 45 years and older, 20% of whom reside in the coastal plain of North Carolina (NC), South Carolina (SC), and Georgia (GA), 30% in the remainder of NC, SC, and GA and the southeastern states of Tennessee, Mississippi, Alabama, Louisiana and Arkansas, and 50% in the remaining 42 contiguous states. Approximately one-half of the participants will be African-American and one-half white, and one-half male and onehalf female. REGARDS recruitment began in February, 2003 and additional measures of kidney function were collected beginning in May, 2004 . At the end of enrollment in 2007, a total of 30,193 participants were recruited. The sampling strategy is designed to provide sufficient statistical power to examine geographic risk factors that might contribute to the disparity in stroke incidence among African-Americans compared to whites living in the stroke belt of the Southeastern United States [9] .
Data
Data collection methods have been published elsewhere [9] . Briefly, data are obtained from each participant in a telephone interview followed by a subsequent in-home examination conducted by a nurse or other health professional who was not aware of the hypotheses of this study. During the telephone interview, age, race, and sex, self-report of a previous myocardial infarction, diabetes mellitus, hypertension, and current smoking status are obtained. During a subsequent in-home examination, blood pressure is measured and blood is drawn in the fasting state with samples shipped to a central laboratory for determination of serum creatinine, and total and HDL cholesterol.
The eGFR was estimated using the abbreviated MDRD equation with serum creatinine values calibrated to the Cleveland Clinic Foundation (CCF) laboratory values used to derive the MDRD equation [8] . Even though only a single creatinine measurement for each participant was obtained at the time of the home visit, we assume that the calculated GFR represents the kidney function on a chronic basis.
In 2007 after completion of REGARDS recruitment, the RE-GARDS laboratory at the University of Vermont changed creatinine reagents to a method traceable to creatinine determined by isotope dilution mass spectrometry. As the two equations were nearly identical, the Vermont equation was used to convert original REGARDS creatinine values to IDMS-traceable values for determination of eGFR using the formula [11] :
This approach was used to obtain the estimated GFR values for the current paper, and will be used in future publications concerning the REGARDS cohort. We defined CKD as an estimated MDRD GFR of <60 ml/min/1.73 m 2 .
We ascertained the presence of a personal history of kidney disease by asking participants 'Has a doctor or other health professional ever told you that you had kidney disease?' which was categorized as before as 'yes', 'no', 'don't know' and 'refused'.
We ascertained a self-reported history of coronary heart disease CHD using the following questions: (1) 'Has a doctor or any other health professional ever told you that you had a myocardial infarction or heart attack?' (2) 'Have you ever had a coronary artery bypass surgery, such as a graft, CABG, or a bypass procedure on the arteries of your heart?' and (3) 'Have you ever had a an angioplasty or stenting of a coronary artery with or without placing a coil in the artery to keep it open?' All questions were scored 'yes', 'no', 'don't know' and 'refused'. We defined coronary heart disease as a yes answer to any one of these questions.
The Framingham coronary heart disease risk score, which estimates 10-year predicted risk of coronary heart disease, was calculated for each participant without a previous history myocardial infarction [12, 13] . Risk factors included in the calculation included the following baseline characteristics: age, current smoking by self-report, blood pressure, and cholesterol. Hypertension was defined as either self-reported use of antihypertensive medications or a SBP 1 140 mm Hg or a DBP 1 90 mm Hg measured during the home examination, where SBP and DBP were the average of two measures taken in the seated position. Diabetes was defined as taking insulin or oral hypoglycemics, or either a fasting blood glucose 6126 mg/dl or a nonfasting blood glucose 6200 mg/dl. We ascertained access to medical care by asking each participant 'Do you have a primary clinic, doctor, nurse or physician assistant who provides you with your usual medical care?' Responses were 'yes' and 'no' and all negative responses and missing answers were recorded as no medical care.
Statistical Analysis
The focus of this report was on the proportion of the population that had CKD (defined as an eGFR ! 60 and who are not currently receiving renal replacement therapy) as a function of the presence or the risk of CHD, and then subsequently the proportion of those with CKD that were aware of the condition. Means and proportions were used to describe the baseline characteristics and t tests and 2 tests to test differences between CKD groups. Independent associations between presence of a personal history of kidney disease and individual characteristics including CKD and CHD were assessed using multivariable logistic models that included geographic region as a covariate [14] . Analyses were conducted using SAS statistical software and Epi-Info [15, 16] .
Results
We included REGARDS subjects who had completed the in-home examination (n = 30,193) at the end of enrollment, and who had a measured serum creatinine available by that date and who had an eGFR 610 ml/min/ 1.73m 2 (n = 28,765). These remaining 28,889 participants had a mean (SD) age of 65.3 (9.4) years; 59.1% were white; 45.3% were male; 58.0% had hypertension and 20.3% diabetes mellitus. A history of coronary heart disease was reported by 4,012 (14.0%) of subjects, 2,397 (8.3%) reported a myocardial infarction, 1,598 (5.6%) reported previous coronary heart surgery and 2,088 (7.3%) reported having had a percutaneous coronary artery intervention. A history of coronary heart disease was more frequent as age increased, among men and whites, and those with a history of hypertension, diabetes mellitus, and elevated cholesterol ( table 1 ) .
Chronic kidney disease was present in 11.3% of all subjects, and was present in 21.4% of individuals with CHD and 9.7% of those without CHD. The OR (95% CI) for CKD among individuals with compared to those without CHD was 2.53 (2.32, 2.76). The prevalence of CKD was comparable among individuals reporting a history of myocardial infarction, coronary artery surgery and PCI ( table 1 ) . CKD prevalence increased with age, was higher among women and whites and was increased among individuals with a history of hypertension, diabetes, and elevated cholesterol ( table 1 ) .
As eGFR declined from an eGFR 6 60 ml/min/1.73 m 2 to an eGFR between 10 and 19 ml/min/1.73 m 2 the prevalence of coronary heart disease progressively increased from 11.0 to 39.1% ( table 2 ) . Overall, 6.7% of 3,276 individuals with CKD reported being told by a doctor or other health care professional that they had kidney disease. Further, as eGFR declined the proportion of individuals who reported a previous history of kidney disease increased from ! 0.7% among those with an eGFR 6 60 ml/ min/1.73 m 2 to 44.6% among those with an eGFR of 10-19 ml/min/1.73 m 2 ( table 2 ) . The presence of coronary heart disease increased the degree of awareness of concurrent CKD ( fig. 1 ). Among individuals with both CHD and CKD 32.0% were aware of their CKD compared to 13.7% with CKD but without CHD [OR (95% CI) = 2.97 (2.4, 3.67)]. This difference was attenuated but persisted after controlling for the level of kidney function [aOR (95% CI) = 1.76 (1.37, 2.28)].
Awareness of kidney disease among individuals with CHD and without CHD increased as kidney function decreased ( table 3 ) . The awareness of kidney disease was generally higher among those with compared to those without CHD at all levels of eGFR. For example, among individuals without CKD (eGFR 6 60 ml/min/1.73 m 2 ) 1.4% of those with and 0.6% of those without coronary heart disease reported being told they had kidney disease [OR (95% CI) = 2.39 (1.70, 3.35)] ( table 3 ) .
Individuals without a previous history of coronary heart disease had a mean (SD) and median Framingham 10-year predicted CHD risk score of 10.1% (9.7%) and 7.0% respectively. The Framingham predicted risk was score was associated with level of kidney function, and the age-, gender-and race-adjusted score increased from a mean of 10.6 to 19.1% as kidney function decreased from an eGFR of 6 60 to 10-19 ml/min/1.73 m 2 . The prevalence of CKD varied from 7.5% among individuals in the lowest level of coronary heart disease risk to 16.5% ( table 4 ) . The proportion of individuals with CKD who were aware of their CKD varied slightly over levels of the Framingham coronary heart disease risk score, ranging from 5.4% of those with a 10-year predicted CHD risk of less than 5%, to 6.4% of those with a risk greater than 20% (p = 0.0036) ( table 4 ).
The age-, gender-and race-adjusted mean uncalibrated serum creatinine ranged across levels of 10-year CHD risk from 1.01 to 1.04 mg/dl and was 1.11 mg/dl for individuals with prevalent CHD ( table 4 ). The mean calibrated serum creatinine, adjusted for age, race and gender, ranged across levels of 10-year CHD risk from 0.90 to 0.93 mg/dl and was 0.99 mg/dl for individuals with prevalent CHD ( table 4 ). Access to health care was reported by 92.1% of subjects. Individuals with access to health care and who had CKD were more likely to be aware; 1.26% reported being aware that they had kidney disease. In comparison, 0.63% of those without a usual health care provider [OR (95% CI) = 1.99 (1.09, 3.66)] reported that they had kidney disease. When we examined the trend in awareness among individuals with CKD during study enrollment by 6-month increments starting in January, 2003, we found no substantial changes between awareness at the start of study (7.78%) and awareness during the most recent 6-month enrollment interval (5.11%).
Discussion
Our main observations are that individuals in the US population with CHD have a high prevalence of CKD as determined by a low eGFR and these individuals are largely unaware of their kidney disease. Further, among those without CHD, the prevalence of CKD increased as the Framingham CHD risk score increased, while awareness of existing kidney disease remained quite low in all CHD risk groups. Mean serum creatinine levels were normal and did not vary across levels of Framingham risk groups and the majority of individuals with CHD or at high risk for CHD had serum creatinine values that were clinically considered normal. Finally, individuals who had a health care provider or health insurance did not substantially differ in their level of awareness from those without access to healthcare. Our observations were not unexpected. Previous reports from the Third National Health and Examination Survey (NHANES III) found that prior to 2001 few individuals with prevalent kidney disease in the US population were aware of their condition [7] . NHANES III asked participants 'Have you ever been told by a doctor or other health professional that you had weak or failing kidneys (excluding kidney stones, bladder infections, or incontinence)?' Among individuals with moderately severe CKD (eGFR of 30-59), 8.2% were aware of a diagnosis of kidney disease. Individuals in the REGARDS cohort with CKD, with or without coronary disease, were somewhat (6.7%) less aware of their CKD. This difference may reflect the different survey wording. It is also possible that the older REGARDS subjects had lower awareness of CKD compared to NHANES III participants, where subjects aged 20 years and older were included in the analysis. With respect to this possibility, awareness of kidney disease among REGARDS participants varied substantially across age strata and was 13.93% among those aged 45-55 years and 2.48% among those aged 75-85 years (p ! 0.0001). The findings in this study underscore the persistence through the June of 2008 of a low degree of awareness of impaired function among individuals with kidney disease in the US population.
The high prevalence of unawareness CKD among older Americans with CHD and who are at high risk for CHD has important implications for clinicians. First, recommendations that patients at high risk for cardiovascular disease should routinely have an eGFR measured are supported by our results [6] . Further, physicians who rely on either the serum creatinine, or on the patient's self-report to identify underlying kidney disease will under-diagnose the presence of impaired kidney function [8] . Second, the presence of kidney disease should result in a number of clinical decisions specific to the management of risk of progressive kidney disease [18] . JNC VII and American Diabetes Association recommendations for blood pressure management of patients with kidney disease call for a lower target goal of 130/80 mm Hg and for strong consideration to using either an angiotensinconverting enzyme inhibitor or receptor blocker [19, 20] . Dietary protein should be limited to the recommended daily allowance of 0.8 g/kg/day [20, 21] . Attention should also be paid to avoiding nephrotoxic medications and judicious use of radiographic contrast agents [22] . Patients should be assessed for the presence of anemia and renal bone disease and, if present, care for these conditions initiated [23, 24] .
Third, the low level of reported awareness of impaired kidney function emphasizes the need to screen, evaluate and communicate the diagnosis of CKD to the patient. Patients should be educated as to the importance of blood pressure control, dietary and medication adherence, and avoidance of nephrotoxins as measures to protect remaining kidney function. It is crucial that information about kidney function be effectively communicated between referring physicians to avoid lapses in continuity of care.
Finally, it is important for clinicians diagnosing CKD to establish a plan for monitoring kidney function over time and for early referral for those individuals with progressive kidney disease. It is recommended that individuals with advanced CKD, defined as stage 4 CKD (GFR ! 30 ml/min/1.73 m 2 ) be referred to a nephrologist as individuals with this level of kidney function have a 20% risk of needing renal replacement therapy [18] .
The prevalence of an MDRD GFR of ! 60 ml/min/ 1.73 m 2 in the REGARDS cohort is higher then that recently reported by Coresh et al. [25] from the 1999-2004 National Health and Nutrition Surveys. Since the RE-GARDS cohort is, by design, older than the NHANES sample, the best comparison between the two studies is based on age-specific estimates of CKD.
We have previously called attention to the unexpectedly higher prevalence of CKD in whites compared to blacks and women compared to men after accounting for age, race and gender as appropriate [26] . Similar observations have also been reported from NHANES [25] . In 1999-2004, the prevalence of CKD among non-Hispanic white men was 11.1 and 15.0% among non-Hispanic white women, while the comparable CKD prevalence of among non-Hispanic black men and women was 13.8 and 8.0% [25] . The reasons for the unexpected increased prevalence of CKD among blacks is not fully understood but it has been speculated that the disparity is likely due to increased rates progression of impaired kidney function among blacks [27] .
There are limitations to our report that should be noted. First, it is possible that that self-reported kidney disease may not accurately reflect actual information provided to participants by their health care providers. While this possibility cannot be excluded, recent reports from managed care plans suggest that CKD is largely undiagnosed in these populations as well [17] . Second, we could not validate the history of coronary disease and it is possible that some individuals were misclassified. This would not alter the main observation that individuals with kidney disease who perceive themselves as having coronary disease, or who are at high risk of coronary heart disease, are generally unaware of their kidney disease, and that having a health care provider does not substantially change their level of awareness. Third, we did not ascertain whether participants visited their health care providers, and cannot estimate the intensity of use of these services. However, it seems unlikely that variations in the frequency of health care use would substantially change our conclusions. It should also be noted that we restricted our analyses to individuals with decreased GFR and did not account for kidney disease defined by presence of proteinuria or other genitourinary abnormalities and otherwise normal GFR. In view of the overall low degree of awareness of CKD among those with normal GFR, it is unlikely that a broader definition of kidney disease would change the main point of our observations that individuals with CHD are at risk of undetected impaired kidney function.
Neither of the questions used to identify patients with CKD or CAD have been validated and it is possible that both conditions are subject to misclassification. However, in view of the low levels of reported awareness of CKD, even in the lowest levels of GFR, it is unlikely that correction of misclassification would reduce the probability that many patients with CHD have undetected CKD.
The major strengths of our observations are that they were derived from a random sample of the older US population and, although our sample was geographically weighed toward populations in the Southeastern United States, we had sufficient power to provide representative estimates for the entire population. Finally, our observations included subjects enrolled in REGARDS up to June, 2007, and thus provide current information relevant to the detection and awareness of CKD among these highrisk patients.
In summary, older Americans are at a high risk of kidney disease and this risk increases as the risk of CHD increases. Awareness of CKD among all older Americans and among those with CHD or high risk of CHD is quite low. Routine use of serum creatinine-based estimates of kidney function, but not serum creatinine level, should be used to screen for CKD and, if CKD is present, clinicians should implement measures to delay the progression of kidney disease and to ensure appropriate referral for those individuals who are likely to require renal replacement therapy. Finally, the optimal recommendations for life-style modifications and pharmacologic interventions to minimize CHD must be cognizant of CKD in the patient population. Direct screening for CKD by eGFR measurements will be far more specific than relying on patients self-reported history of CKD.
